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In a microscopic study of living tissues stained with the phthaleins 
one sees no sign that the coloration is due to accumulation of the indi- 
cator  upon  special  cytoplasmic substances.  It  is  true  that  under 
certain circumstances a  segregation of phthalein within cell vacuoles 
may occur;  1 but ordinarily the staining appears  diffuse, and  only in 
the case of bone ceils and cartilage cells do the findings suggest that 
there may be  some deposition  of dye upon  the  cell surfaces.  But 
needless to say, the evidence of the eye is not conclusive in this matter; 
nor can it even be deemed of much value when one considers the fact 
that phenol red is removed on occasion from the field of action as an in- 
dicator by proteins in solution.  The experiments with tissue extracts 
described in an accompanying paper  s may perhaps be taken as con- 
stituting  a  partial  check upon  the influence of this  removal factor 
upon the colors exhibited by tissues.  They tell nothing, however, of 
the possibility of errors due to an accumulation of phthalein upon tis- 
sue materials insoluble in lymph, salt solution, or water.  True, such 
materials were doubtless present in suspension in our turbid prepara- 
tions, but only in small quantity.  To learn something of the partition 
of the phthaleins between extract and tissue residue  an  experiment 
was performed as follows: 
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Distribution  of the Phthaleins  to Extract  and Residue. 
Tissues  of  several  sorts,  practically blood-free,  were  ground  with 
sand and mixed with lymph of the same animal in the proportion  of 
1 cc. for every grn.  The lymph had been colored with phthalein.  The 
mixtures  were  shaken;  centrifuged  until  the  sediment  was  firmly 
packed; and the relative proportion of the indicator in fluid and sedi- 
ment was determined with the colorimeter.  Duplicate mixtures were 
employed, and one series rendered more acid than the other by satura- 
tion with carbon dioxide. 
About 170 cc. of lymph was collected under ether from the thoracic duct  of a 
mongrel terrier weighing 10 kilos.  The kidneys were perfused with it, as well as a 
liver  lobe, and  the kidney vessels were emptied by blowing air through them. 
After the animal  had been bled to death from the inferior vena cava portions of 
the pancreas, voluntary muscle, fat, and connective tissue were also taken.  They 
were nearly bloodless.  The connective tissue was derived from the subcutaneous 
regions of the thigh,  the muscle was from the upper leg, and the fat was partly 
retroperitoneal,  partly omental.  The materials  were  cut up,  pressed  between 
layers of gauze to remove the free fluid, and 3 gin. portions were ground with sand 
and mixed with 3 cc. of lymph, except in the case of the connective tissue 2.5 gin. 
of which was used with an equal quantity of fluid.  To some of the portions 0.2 
cc. of a freshly made 1.0 per cent solution of brom cresol purple was added, to others 
a like amount of a 1.0 per cent solution of chlor phenol red.  Both indicator solu- 
tions were at pH 7.4, and had been rendered  isotonic with 0.9 per cent NaCI by 
the addition of this salt.  The sand and lymph tissue mixtures were placed in long 
test-tubes,  which they but one-third  filled, shaken  for 20 minutes  at room tem- 
perature, and centrifuged without change of the container for ½  hour at high speed. 
Prior to the shaking one series of specimens with each indicator had been saturated 
with CO, by repeatedly  running the washed gas into the tubes and briefly shaking 
them by hand.  When the failure of the treated mixtures  to change color further, 
despite the fact that the limits of the ranges of the indicators had not been reached, 
attested to saturation with the gas, the tubes were stoppered  with paraffin corks; 
and  they were  not  opened  until  after  centrifuging.  Meantime the coloration 
had not altered.  The materials  stained  with  brom cresol purple  altered  under 
the influence of the  CO2  from purple  to a  dirty  purple-green,  and  those  with 
chlor phenol red from rose-purple to yellowish pink. 
Now the supernatant fluids were pipetted Off, carefully measured, and, to 1 cc. 
of each, 20 cc. of water containing  1 cc. of 40 per cent NaOH in every hundred cc. 
was added.  The entire sediment was treated in the same way.  In so doing allow- 
ance was made for that portion of the fluid which remained mixed with the original 
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bulk of 1 cc. for every gm.  Thus if only 2.8 cc. of fluid had been recovered instead 
of the original 3.2 cc. it was held that 0.4 cc. was mixed with  the 3 cc. of tissue 
capable of holding phthalein, and dilution was made as for 3.4 cc.  In the  case of 
some of the tissues, notably the pancreas, more fluid was recovered than had been 
added to the tissue.  In such cases it was assumed for purposes of dilution that the 
number of cc. of tissue in the sediment was correspondingly less.  Since a little of 
the tissue had been lost in the transfer from mortar to tube, while moreover it had 
a smaller bulk gm. for gm. than the lymph, owing to its higher specific gravity, 
the sediment containing it must have been somewhat overdiluted.  The material 
mixed with the alkalinized water was placed in Erlenmeyer flasks, left in  the ice 
box overnight, and  then centrifuged, and the color of the fluid from the sediment 
specimens was read against that from the supernatant specimens and one of these 
in turn against a standard made from a portion of the original lymph-phthalein 
mixture which  had been kept as such in the cold until the moment for use.  The 
general results of the comparison with the freshly prepared standard sufficed  to 
show that none of the indicator had been destroyed during its contact with tissue 
or the alkalinized water.  Owing to a differing turbidity of the colored fluids de- 
rived from sediment and supernatant fluid  respectively the determinations could 
be only approximate in some cases.  For a satisfactory reading against the stand- 
ard an ultimate dilution  to 1 in 100 was found advisable.  A control test showed 
that sand of the sort used in the grinding, and present in the sediment, did not 
accumulate phthalein. 
The results find record in Table I.  It will be seen that there was a 
relative  accumulation  of  brom  cresol  purple  upon  the  sediment  of 
liver, kidney, pancreas, and  muscle, but not on the adipose and con- 
nective tissues.  If allowance is made, in the case of the tissues first 
mentioned, for the amount of lymph remaining with the sediment, and 
for the fact that the actual bulk of the sedimented tissue was less than 
has  been  assumed,  the  accumulation  upon  the  undissolved  tissue 
materials  will  prove  somewhat  greater  than  our  figures  show.  At 
most  though  it cannot  have been  considerable.  Brom  cresol purple 
dissolves far less well in  fat  than  in water and  to  this cause may be 
attributed the relatively small amount of the phthalein in the adipose 
tissue,  as also  that  in  the  connective  tissue  the specimens  of which 
happened to contain some fat. 
Chlor  phenol  red  accumulated  upon  the  liver  sediment,  but  not 
upon  pancreas  sediment.  The  accumulation  of  brom  cresol  purple 
upon  the  sediment of liver, kidney,  and muscle appeared to be some- 
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weakly acid by saturation with CO2.  The difference has interest not 
only as agreeing in little with the more marked difference noted when 
the  tissues lay  in  phosphate buffers  (Table  I of preceding paper), 
but  because, in  consonance with Kendall's  3 observations, Grollman  4 
has shown that  the adsorption of phenol red by proteins is largely 
TABLE  I. 
The Distribution  of Phthaleins in Lymph and Tissue Mixtures. 
Tissue. 
Liver. 
Kidneys. 
Pancreas. 
Muscle. 
Adipose 
tissue. 
Connective 
tissue. 
Treat 
ment 
C02 
C02 
CO~ 
C02 
co~ 
CO, 
Percentage concentration in terms of the mean. 
Brom creml purple.  Chlor phenol red, 
rant. 
~'r cent 
94.8 
92.5 
97.4 
86 
97.7 
93.3 
94.1 
91 
111.1 
114.3 
98.2 
113.2 
Sediment, 
after cor-  Superna- 
Sediment.  r ection for 
admixed  rant. 
i  lymph. 
[  ,,. 
i  per cent  [  Per cent  per cent 
105.2  107.6  92.5 
107.5  [  110.8  85.1 
102.6  103 
114  115.9 
102.3  i  102.3  102.9 
106.7  106.7  102.5 
105.9  108 
109  112.5 
89.9  I  83  .-----~ 
85.7  i  78.1 
i 
lOl.8  i 
86.8  77.4  i 
Sednnent, 
after cor- 
Sediment,  rection for 
admixed 
lymph. 
per ¢enl  per cent 
107.5  107.5 
114.9  115.8 
97.1  97.1 
97.5  97.3 
governed by the pH of the medium, being greatest when this medium 
is slightly acid. 
The lymph-tissue-phthalein mixtures of our experiment contained 
the indicator in about one-third the proportion required on intravenous 
Kendall, E. C., J. Am. Med. Assn., 1917, lxviii, 343. 
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injection to produce a pronounced general coloration of an equivalent 
weight of living rat. 
The observations leave no doubt  that under test-tube  conditions 
there is some accumulation of phthalein from the lymph upon those 
materials of tissue which are not lymph-soluble.  Yet inferences con- 
cerning the partition of the dyes in  the living animal would not be 
warranted by such findings.  Through vital processes  cells  of some 
sorts, notably those of the liver and kidney, effect a  local accumula- 
tion of the phthaleins far more considerable than ever occurs upon 
dead tissues  submitted to lymph containing the indicators; and the 
intercellular substance of cartilage and tendon become far more deeply 
tinted than the lymph in which they are bathed. 
Influence of Lymph-Soluble Materials upon the Phthalein Colors. 
The fact that phthalein accumulates upon undissolved tissue mate- 
rials in vitro renders possible a test of the  effect of the latter upon the 
phthalein color.  One need only submit slices of the tissue to a lymph 
in which the indicator is present and compare their color after a time 
with that of the fluid in which they are contained.  Needless to say, 
though, the slices must be very thin else the reaction of the  lymph 
cannot be  expected  to prevail  throughout them; and while enough 
phthalein must be present for the tissues to be well stained by it, not 
so much can be employed as would hinder colorlmetric readings on the 
fluid. 
Portions of the lymph and tissues which furnished the material for the experi- 
ment just described were utilized for our initial tests.  Several 100u sections from 
certain of t~e organs, cut with the freezing microtome, were placed in a large ex- 
cess of lymph (2 cc.) to which had been added 0.125 cc. of 0.1 per cent brom cresol 
purple, enough of the indicator that is to say to give an outspoken purple hue to 
the fluid, but not an intense one.  Two series of preparations were made, with 
liver and kidney washed by perfusion,  and with exsanguinated muscle,  pancreas, 
adipose tissue, and fascia respectively.  The  fascia specimens were not sections 
but small rectangles cut with scissors from a sheet of the fascia lata.  They were 
especially suited to color observations, being white, bloodless, close textured, and 
of an even thinness. 
The contents of one series of tubes containing lymph and tissue were saturated 
with COz according to the procedure described in the experiment on phthalein 
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37°C. in the water bath, and maintained at this temperature for 2 hours, kept over- 
night in the ice box, and again placed at 37°C., this time for 4½ hours.  The stop- 
pers had been fixed in place with adhesive. 
Immediately prior to the color comparison a layer of clean paraffin oil 1½ cm. 
thick was run above the lymph, and through this layer the sections were lifted out 
by means of a fine glass hook for inspection between a mica slide and cover.  That 
the protectionafforded by the oil prevented the escape of CO2 from the material 
saturated with it was sufficiently shown by the lack of any change  in  the color 
of the sections during the manipulations or shortly after them.  The  hue of each 
section as flattened under the cover was compared at room temperature with that 
of the fluid in which it had been immersed.  All showed staining, though to differ- 
ing degrees, that of the adipose tissue being faint; and without exception all man- 
ifested the  same general hue  as  the lymph, a  hue superimposed though, in the 
case of the liver and kidney, upon the bully tint natural to the tissue.  To  test, 
roughly, whether  more phthalein was  present in the  material  which had  lain 
in the lymph saturated with CO~ than in that exposed to lymph as such,  sections 
of each tissue from both sources were placed side by  side  upon  a  single  slide, 
blotted dry, and  watery  •/1  sodium  carbonate  solution  was  run  upon  them. 
The purple color they developed had the same degree of intensity. 
That part of the lymph which was employed without other modification than 
the addition to it of brom cresol purple had a  reaction close to pH 8.0 as deter- 
mined with phenol red and phosphate buffers.  It was in other words so alkaline 
as  to be well beyond the range of brom cresol purple.  Such being the case no 
difference between the color of the tissue stained with this indicator and that of 
the natural buffer medium about it was to have been expected.  Both would have 
appeared purple unless the influence of the  tissue materials to cause a phthalein 
error had been of such magnitude and lain in such direction that at an actual pH of 
8.0 the section exhibited a hue indicative of an  acidity of pH 6.2 or less.  This, 
of course, did not prove to be the case.  Under  the conditions brought about by 
the saturation with CO2, on the other hand, the test was a delicate one.  The re- 
action of the lymph was changed through the saturation to between pH 5.52 and 
5.65, as determined by a comparison with tinted buffers that had been checked 
with  the potentiometer, and the color of the tissue to that manifested by certain of 
the organs  (liver, kidney, pancreas, muscle) when they are vitally stained. 
In a second experiment lymph was collected from a  12 kilo dog, portions of the 
liver and kidney were perfused with some of it as usual, and pieces of the pancreas, 
voluntary muscle, xyphoid cartilage, tendon from the knee, and fascia lata were 
taken immediately after the animal had been exsanguinated under ether.  Pieces 
of all these tissues except the fascia lata were largely rid of free fluid by pressure 
between the folds of a cloth, and they were cut into 100~, sections.  The fascia was 
divided into small rectangles, as in the previous experiment.  Since fascia, tendon, 
and cartilage when stained during life are orange-pink with phenol red, and purple 
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:important to learn merely whether substances contained in these tissues caused 
indicator errors when the pH of the lymph was so adjusted that the colors of the 
tissues were those encountered during life, colors that is to say indicative of re- 
actions toward the alkaline side of the phthalein ranges.  A single series of tubes 
containing  the  sections immersed in  lymph  tinted with  phthalein  was  deemed 
sufficient for this purpose.  It was desirable to know more about the liver, kidney, 
pancreas, and muscle, tissues which appeared to be acid during life, to judge from 
their hue when stained.  For the relative acidity manifested by these tissues might 
be the result, either of a great indicator error such as would give them the hue of an 
outspoken acidity when there actually was none, or of a less error that would have 
the  effect  of  exaggerating a  real  but  slight  acidity.  Accordingly  two  sets  of 
tubes were set up, one containing lymph brought to a  reaction near the alkaline 
side of the indicator range,  the other with  more  acid  lymph.  Shaking with a 
greater  or  less  quantity of  COs  in  tightly stoppered  tubes was the means em- 
ployed to control the reaction.  The colors of the specimens containing phenol red 
were so adjusted as  to give colors indicative of variations from pH 7.0  to 7.40, 
those with chlor phenolred from pH 6.2 to 6.8, and with brom cresol purple from pH 
5.4 to 6.5. 
The stoppered tubes, each of which had been colored with 0.08 cc. of a 0.1 per 
cent solution of indicator, were held at 38°C. for 3 hours on the day of preparation, 
kept in the ice box overnight, and incubated again for 3 hours.  Since the sections 
appeared but lightly stained, more phthalein was added to the specimens prior to 
the second incubation, 0.045  cc. to each; and the reactions of many had to be ad- 
justed once again with COs.  When the tissue colors were to be read the tubes were 
allowed to  cool  to room temperature, the colors were read against buffers as in 
the preceding experiment, and, as in it, the sections were lifted out through par- 
a~n oil for inspection between layers of mica. 
The cartilage was not sufficiently stained for comparison with  the supernatant 
fluid.  The other tissues submitted to phenol red showed a general correspondence 
in hue with the surrounding lymph, one notably evident in the case of the colorless 
tendon,  fascia, and  pancreatic  tissue.  A  close checklngwas not possible with 
slices of muscle, kidney, and liver owing to their natural buffy hue.  This much can 
be said, however, that all of these tissues after exposure to a pink phenol red solu- 
tion themselves appeared pinkish when flattened out by pressure, not  yellow as 
might have been expected if the yellow coloration observed on vital staining had 
been due to an indicator error. 
The staining with brom cresol purple and chlor phenol red was outspoken, and 
the colors of the tissues closely corresponded with those  of the fluid media both 
in  the  slightly and  in  the  more  pronouncedly  acid  series of  specimens.  For 
example, the white tendon and fascia exposed to brom cresol purple became blue- 
green like the lymph about them and so too did sections of pancreas, while other 
sections exposed to yellow-green lymph became yellow-green.  The liver and kid- 
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blue-green, owing to the combined buff of the tissue and blue of the phthalein. 
The fascia and tendon stained with chlor  phenol red acquired the pale rose-purple 
of the lymph from which  they were  removed; whereas the other tissues, owing to a 
natural tinting, appeared more or less brownish rose or rosy brown. 
Experiments such as the foregoing are of necessity inexact, sharing 
in this respect with the observations which they were designed to con- 
trol.  The individual findings will not be tabulated, since it suffices 
to  say of them that  there was a  close correspondence between the 
tissue hues and those of the enveloping fluid, in  despite of an expec- 
tation to the contrary based on theoretical grounds.  The outcome of 
the rough tests on  the relative accumulation of phthalein upon the 
tissues under acid and alkaline conditions respectively was  in  sub- 
stantial agreement with the previous, more precise, findings at a much 
higher  dilution  of  phthalein.  It showed the slight acidity to have 
no great favoring influence, under the conditions, upon the phthalein 
accumulation. 
Interpretaao'a of the Dichromatism of Brom Cresol Purple. 
Lymph tinted with brom cresol purple and then rendered approxi- 
mately neutral with  CO2  becomes blue,  and,  when  rendered more 
acid, a brilliant green when viewed in the test-tube by daylight; and 
the same is true of tissue extracts in lymph or salt solution acidified 
with lactic acid, as also of milk, and egg white and gelatin solutions. 
However the same material when viewed in the colorimeter block does 
not ordinarily show these anomalous hues, but, instead, the tints result- 
ing from the combinations of orange with purple which constitute a 
part of the  ordinary color  range of  the indicator.  Once only in  a 
large series of instances have we encountered a  green hue that made 
readings impossible.  The  material was  the unusually clear lymph 
employed in the experiment last described, and it had been saturated 
with  CO2.  When  somewhat  less  COs  was  employed  this  lymph 
appeared blue in daylight but checked well with purple standards in 
the colorimeter. 
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fascia--which  appear  during  life  to  be  almost  neutral  in  reaction  6 
are stained blue instead of purple by brom cresol purple injected into 
a vein or into the peritoneal cavity.  When fresh sections of them are 
rendered  faintly  acid  they  take  on  a  yellow-green  hue,  and  the 
same hue is exhibited  by pieces of some of the viscera  to which  no 
acid has been added, notably liver, kidney, and pancreas.  The green 
constituent  in  the  color is  traceable,  like  the  blue,  to  the  generally 
recognized  dichromatism  of  the  phthalein.  We  have  studied  its 
significance as an indication of the tissue reaction. 
The shades  of green can be well observed  with two-color  standards  of brom 
cresol purple when an open rack containing the superimposed  tubes is viewed in 
light from two sources, one passing through them to the eye of the observer, the 
other striking them sideways.  It can then be seen that the color is greenish yel- 
low at pH 5.4, at 5.6 an outspoken green, at 5.8 a purply green, and so too even 
at  pH  6.0.  When there is ten times as much phthalein in the standard tubes as 
Hastings  s advocates the purple extends much further down  the scale, the differ- 
ence being so marked that it is evident the hue of any given tissue will depend to 
a  considerable  extent on  the  indicator  concentration--a fact  true  of all  the 
phthaleins. 
During the addition of lactic acid to tissue extracts for comparative colorimetric 
and potentiometric reactions with brom cresol purple, as described  in our previous 
paper, the appearance of a green hue was utilized as a sign of developing acidity. 
But no attempt was made to correlate the various shades of green in the turbid 
specimens with the electrometric findings, since experience showed that they were 
not  met  in  the  colorimeter, and  that  excellent  readings  against buffer stand- 
ards could be had with this instrument. 
There can be no doubt that  the  series of  green hues exhibited by 
brom cresol purple,  under circumstances which  bring out its dichro- 
matism, can be correlated, with certain definite reactions, if the phtha- 
lein  dilution  is  but  known.  The green  to  yellow-green  colorations 
observed  in  some vitally  stained  tissues  constitute  an  evidence  of 
acidity  as  decided  as  that  furnished  by  phthaleins  not  subject  to 
dichromatism; and they have this advantage that they cannot be con- 
fused with the hues normal to the tissues themselves, as may happen 
with the colors of phenol red or chlor phenol red when the tinting with 
these dyes is slight. 
5 Rous, P., J..Exp. Med., 1925, xli, 739. 
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Attempts at a Control with Other Indicators. 
In the effort to obtain another check on the findings with phthaleins 
which point to differences in the reaction of individual living tissues,  s 
one of us  (Drury)  has  tested  out  all  of the available indicators  of 
Clark's list which are credited with ranges that would fit them for the 
work.  The range of each and its color phenomena were determined 
with the aid of buffer solutions, and mice were injected with the mate- 
rials yielding results of  promise.  Among  twenty-slx  indicators  so 
tested not one was found that lent itself as well to in vivo studies as do 
the phthaleins.  Phenacetolin, lacmosol, lacmoid, carminic acid, ali- 
:zarin  sodium  sulfonate, and  o-carboxybenzene-azo-~-naphthylamine 
failed to stain the tissues well; alizarin V1, alizarin blue X, and indulin 
.had to be discarded because the ranges differed from those reported, or 
because the color did not alter notably with slight  changes in  pH; 
uranin,  dichlorofluorescein,  and  curcumin  manifested  confusing 
fluorescent  nuances  of  hue;  monomethyl  red,  methyl  red,  ethyl 
red,  and  propyl  red  became  fixed  on  the  tissue  lipoids;  benzene- 
azo-~-naphthylamine was insoluble in water; and the following indi- 
cators  stained  poorly  besides  being  toxic:  p-benzenesulfonic  acid- 
azo-~-naphthylamine,  naphthylamine  brown,  aurin,  purpurin,  ali- 
zarin red S, cochineal, cudbear, and brilliant yellow. 
Water blue is well tolerated and a vital staining of animals can be 
accomplished with it; but it is a one-color indicator and the blue varies 
in  intensity  not  only with  the  pH  but  with  the  amount  of  the 
dye present.  According to yon Mrllendorff  7 water blue is gradually 
reduced  to  a  colorless  form  within  the  organism;  and  we  have 
been unable to demonstrate it in quantity in  the pancreas, liver, or 
kidney, though it is abundant  at times in some of the other tissues. 
When in solution in a  concentration that yields a  deep blue color at 
pH 5.29, it is light blue at pH 5.91, and very light blue at pH 6.47, 
which means that it is ineffective as an indicator in that part of its 
range which is most important on vital staining.  For all these reasons 
no proper check on the phthalein findings can be expected through its 
use.  The development of acidity post  mortem  within  the subcuta- 
neous tissue can, however, be demonstrated as readily with it as with 
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phenol red.  Animals stained with water blue rapidly become bluer 
after death.  With alizarin sodium sulfonate one can corroborate the 
observation first made with the aid of phenol red  8 that there occurs an 
increase in the alkalinity of the subcutaneous tissue of a living animal 
when this tissue is exposed to air.  A reflected skin flap vitally stained 
with the sulfonate becomes gradually pink during a  few minutes of 
exposure. 
Neutral red has been employed  by many investigators of the reaction 
of cytoplasmic granules; and Carnot, G16nard, and Gruzewska  9 have 
reported upon the differing hue of the various organs which come to 
contain it.  They seem not to have determined whether there was any 
diffuse coloration,  yon MSllendorff  I° distrusts neutral red because it is 
so easily precipitated, with loss of indicator value.  Nevertheless the 
many studies made with this indicator have yielded results in sub- 
stantial agreement with those obtained through the employment of 
litmus  TM and the phthaleins  ~,8  which point to the existence of segre- 
gated acid products within mammalian cells of several sorts. 
COMMENT. 
An essential preamble to any discussion  of our findings is a recogni- 
tion of their limitations.  They are the outcome of attempts to deter- 
mine the influence upon the phthalein colors of tissue materials, not 
of tissue  activities.  The problem introduced by these latter must 
of necessity be begged.  It is an axiom with students of vital staining 
that the relation of living cells to stains is wholly different from that of 
dead ones.  Only in the case of tissues consisting preponderantly of 
a  stainable matrix--connective tissue,  cartilage, tendon, fascia,  and 
bone--is there reason to suppose that test-tube phenomena with the 
phthaleins may approximate those within the living body.  The living 
parenchymatous organs take up or reject the phthalein according to 
individual peculiarity, and may excrete it in great concentration and 
s Rous, P., J. Exp. Med., 1925, xli, 451. 
9 Carnot, P., G16nard, R., and Gruzewska, Z., Compt. rend. Soc. biol., 1925, xcii, 
865. 
10 yon  MSllendorit,  W.,  in  Oppenheimer,  C.,  Handbuch  der Biochemie  des 
:Menschen und der Tiere, Jena,  2nd edition, 1924, ii, 273. 
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into  fluids  of a  reaction  markedly different  from  their  own,  as  is 
evidenced by the indicator hue. 
The color assumed by a living animal injected with a  phthalein is 
due to the extravascular penetration of the dye.  Only in  proportion 
as this occurs after an  intravenous injection do the tissues color up. 
By pressure upon those that are accessible in situ as for example in the 
ear, or upon fragments of organs snipped off and placed between mica 
slides and cover-glasses or between  layers of  an absorbent  material 
(washed gauze), one can drive out most of the intercellular lymph and 
demonstrate that  the tissues  themselves are  stained, and not  infre- 
quently of a  wholly different color from the fluid that had  suffused 
them.  They owe their color to phthalein situated within or upon the 
surface of cytoplasm or matrix.  In  fresh  preparations  the cells of 
bone or cartilage appear as if  unstained but  ringed in  color, either 
because  of a  surface deposition,  or  possibly  because  they are  sur- 
rounded with colored lymph; but no such phenomenon is evident with 
the cells of the parenchymatous organs.  The liver, kidney, and pan- 
creas, for example, all show an evenly colored cytoplasm even under 
a high magnification.  The question whether the phthalein is in solu- 
tion  in  the cell fluid, or adsorbed,  or segregated in  finely scattered 
ultramicroscopic aggregates, cannot at this time be answered.  The 
fact that the indicators are vastly more soluble in water than in fat or 
ether leaves the point untouched, in our opinion, as for that matter 
do the results of the tests showing that phthaleins accumulate to but a 
slight extent upon the water-insoluble elements of dead tissues. 
The phthaleins recovered from stained tissues manifest unchanged 
the color ranges of these substances as originally introduced into the 
body?  The hues of vital  stained organs permit of a  separation  of 
them into two groups, of those with an apparent reaction slightly less 
alkaline than that of the blood, and approximating neutrality, and of 
others with reactions that are to all appearance acid.  The findings 
with the first group might have been predicted a priori, for the organs 
comprised in it have in general few cells, much inert matrix, and a 
low metabolic activity.  One might suppose that the matrix would be 
a little less alkaline than the blood, as the result of metabolic processes. 
It is with the second group,  of "acid"  organs,  that  interest chiefly 
lies.  Can it be that  the hues which these manifest are consequent DOUGLAS  R. DRURY  AND  PEYTON  ROUS  699 
not on an actual acidity but upon protein or salt errors, or other errors 
still, that are referable to the cell materials with which the indicator is 
associated?  The blanket experiments that we have performed yield 
evidence  upon  this  point.  Neither  by  comparative  electrometric 
and colorimetric tests on extracts of "acid" organs, in water, salt solu- 
tion, or lymph tinted with indicator,  s nor by observations on the hue 
of sections of tissues  stained  by immersion in  phthalein-containing 
lymph  at  various  reactions  have  important  indicator  errors  been 
brought to light.  On the contrary the color readings of the reaction 
prevailing within the tissue extracts and tissue sections have proved 
unexpectedly dependable.  One may urge against the findings with the 
latter material, to  which potentiometer checks were not directly ap- 
plicable, that the correspondence in color of the sections and the sur- 
rounding medium could have been the result merely of an apparent 
similarity of pH, the reaction of the tissues being in reality not iden- 
tical with that  of the lymph but somewhat different, the  difference 
being concealed through indicator error.  It is dVficult to believe that 
so consistent a color approximation could have been attained in this 
way in all the tests carried out at several reactions with a variety of 
tissues, and with three indicators. 
Many theoretical objections can be made to the use of  indicators 
to  determine tissue  reactions.  Mathews  1.  points  out  that  electro- 
positive colloids may unite with acid stains,--and the phthaleins  are 
acid,--with result in a  color indicative of acidity when as a matter of 
fact no acidity exists,  yon M611endorff l° also emphasizes the possi- 
bility of indicator error due  to  the colloids, illustrating it with the 
example of neutral red.  Our experiments show that  these sources of 
error  are  not  important  under  the  conditions with which we  have 
worked.  But back of any observations upon living cytoplasm which 
one may care to make with indicators in general lies the possibility of 
enormous errors from unforeseen because unapprehended causes.  In 
utilizing these aids to comprehension one enjoys none of the guarantees 
which go with exact methods and dead matter. 
Our electrometric readings on  tissue extracts gave practically the 
same results as those of Michaelis.  The extracts of dog liver in water, 
l~ Mathews, A. P., Physiological  chemistry, New York, 4th edition, 1925, 255. 700  RELATIVE  REACTION  WITHIN LIVING TISSUES.  V  (b~ 
salt solution, or lymph had reactions ranging from pH 6.34 to  6.73. 
Michaelis and Kramsztyk,  13 extracting the tissue with several times its 
volume of water, found a  pH of 6.46  in  the one instance  recorded. 
With extracts of kidneys prepared in like fashion they obtained for the 
rat a pH of 6.59 and for the guinea pig other figures between 6.40 and 
6.78.  Our extract of guinea pig kidney had a pH of about 6.37  and 
those of dog kidney a reaction ranging from pH 6.39 to pH 6.95.  The 
Kjeldahl  figures  ~  speak  for  the  presence  of  tissue  derivatives  in 
quantity. 
Liver and kidney tissues vitally stained with phthaleins have hues 
very different from those of extracts of the organs colored with the 
same indicators, appearing far more acid.  To what is the difference 
attributable?  Michaelis and  Kramsztyk  believed  that  postmortem 
changes accounted for the fact that  their extracts were faintly acid 
instead of alkaline like tissue fluids; and to check such processes they 
boiled some of their specimens, with the result that the pH increased 
somewhat.  The  rapidity  with which carbon  dioxide  escapes  from 
tissues had not been fully recognized at the time of their work, and no 
provision had been made to prevent such an occurrence.  A part of 
the  color  differences between living  and  dead  tissues  stained  with 
phthaleins can be laid to this factor, but one may well doubt whether 
it is mainly responsible for them.  The liver and kidney parenchymas 
of an animal vitally stained with brom cresol purple  or  chlor phenol 
red, when exposed  to  the air,  do  not  show,  like  connective  tissue, 
cartilage, and tendon, prompt  color changes indicative of a  reaction 
altering toward alkalinity as they inevitably would were carbon diox- 
ide the cause of their acidity. 
Michaelis'  figures for the pH  of tissue extracts have been largely 
accepted  as  representative  of  the  reactions  prevailing within  the 
living body.  Only recently Haldane has invoked them  14 in justifica- 
tion of an hypothesis whereby the observed facts as to the permeability 
of  cells to  electrolytes are  made to  account  quantitatively for the 
hydrogen ion concentrations of the tissues. 
t.~ Michaelis,  L., and Kramsztyk, A., Biochem. Z., 1914, lxii, 180. 
14 Haldane, J. B. S., Proc. Cambridge Phil. Soc. Biol. Sc., 1923-25, i, 243 DOUGLAS  R.  DRU'RY  AND  PEYTON  ROUS  701 
SIYM~ARY. 
The influence  of lymph-insoluble tissue  materials  upon the colors 
manifested by phthalein  indicators  has been tested  by comparing the 
hue of sections  of various organs, stained by immersion in colored 
lymph, with the  hue of  the  surrounding fluid.  The reaction  has been 
brought to approximate that  of life  by a greater  or less  saturation  of 
the material with carbon dioxide.  No evidence has been obtained 
of indicator errors referable to the association of the phthaleins with 
tissue substances. 
The inferences to be derived from the experiments, and from others 
detailed in a preceding paper, are discussed.  The results of them all 
are in essential agreement.  They demonstrate that the observed hues 
in tissues vitally stained with phenol red, brom cresol purple, and chlor 
phenol red cannot be laid to indicator errors resulting from  an asso- 
ciation of the phthalein with tissue materials.  The fact is of special 
note in connection with organs which exhibit, when stained, the colors 
indicative of an outspoken acidity. 
The findings constitute  a  control upon the influence of the tissue 
materials on the colors manifested by the phthalein indicators when 
used  as  vital  stains;  but  they leave untouched the problem  of  the 
influence of tissue activities upon the coloration. 